An Automated Cassava Peeling System for the Enhancement of Food Security in Nigeria  by Jimoh, M.O. & Olukunle, O.J.
   Nigerian Food Journal
   Official Journal of Nigerian Institute of Food Science and Techonology    www.nifst.org 
NIFOJ Vol. 30 No. 2, pages 73 – 79, 2012  
An Automated Cassava Peeling System for the Enhancement of Food 
Security in Nigeria
* Jimoh, M.O. and Olukunle,  O.J.1
 
ABSTRACT
Cassava  is  second  only to sweet  potato  as  the  most  important  starchy  root  crop  of   the  tropical world.  In 
most parts of  the tropics, cassava is grown on small plots. However, in some countries, e.g. Mexico, Brazil and Nigeria, 
large plantations have been started and interest in mechanization is growing. The degree of  mechanization depends 
on the size of  the land and availability of  machines for each unit operation involved in cassava processing. However, 
of  all the unit operations involved in cassava processing, cassava peeling remains a serious global challenge to process 
engineers. An automated cassava peeling machine was thus developed in the Department of  Agricultural Engineering, 
Federal University of  Technology, Akure. The design of  the machine was based on the development and modification 
of  the peeling tool of  previous cassava peeling machines and the peeling principle is by impact. This machine was 
evaluated using newly harvested improved variety of  cassava tuber  (TMS 30572) grouped into different sizes: 100 ≤ 
L < 140, 140 ≤ L < 180, 180 ≤ L < 220, 220 ≤ L < 260, and 260 ≤ L < 300. The speed of  the machine varies from 
100 – 600 rpm while machine operational parameters such as throughput capacity, peeling efficiency, mechanical dam-
age, quality performance efficiency and peel retention were determined for each size. Results revealed that throughput 
capacity ranged from 76 – 442 kg/h, peeling efficiency ranged from 50 – 75%, mechanical damage ranged from 12 – 
44%, quality performance efficiency ranged from 22 – 66%, and peel retention ranged from 7.2 – 33%. These results 
show appreciable improvement over manual method and existing machines.   
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Introduction 
Cassava is a major source of  carbohydrate in most 
developing nations of  the world. In Nigeria, the 
crop can be processed into garri, lafun, paki, pupuru, 
fufu and cassava grit for direct human/livestock 
consumption. In Ghana, it is eaten boiled and 
could also be pounded to be eaten with soup. Co-
incidentally, the government of  the two respective 
countries had started presidential initiatives to 
increase cassava production for local consumption 
and export promotion. As a result of  this, in 2004, 
a policy was initiated to produce bread using 
cassava and wheat flour at a ratio of  1 : 9 in the 
Nigerian bakery industry. Apart from human food, 
cassava is also used for animal feed and alcohol 
production (El-sharkawy and Cock, 1987). It has 
been discovered that alcohol can be extracted from 
cassava and sugarcane as a viable alternative to 
fossil fuel. China is demanding enormous quantities 
of  cassava from the Nigerian market and more 
industrial potential of  cassava are being discovered 
by the day. For instance, India has succeeded in 
substituting petrol with 40% ethanol while Congo 
has attained 30% inclusion of  cassava flour in the 
production of  bread (Isa, 2005).
The unit operations involved in cassava processing 
include peeling, grating, boiling/parboiling, drying, 
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milling, pressing, sieving, extrusion and frying. 
Peeling constitutes a major bottleneck in the 
processing of  cassava because of  its numerous 
varieties, tuber shapes and sizes. These are the major 
factors militating against peeling mechanization 
(Ezekwe, 1976). Several efforts have been made 
in this area which resulted in the production of  
prototype machines but with low performance 
(Odigboh, 1985).
It was revealed that cassava peeling is still largely 
done manually; however, women and teenage 
girls are normally involved in the manual peeling 
of  the tuber (Ohwovoriele et al., 1988). The rate 
could be as high as 350 kg/day of  8 hour/person 
(Igbeka et al., 1992). The process is slow and labour 
intensive which invariably leads to low productivity. 
Consequently, the need arises to examine the 
possibility of  using mechanical peeling method 
so as to reduce spoilage occasioned by delay in 
processing of  cassava tubers. Several efforts have 
been made to develop effective cassava peeling 
machines in China, Brazil and in some parts of  
Africa and some of  these have been evaluated. 
These efforts include performance evaluation of  
a peeler designed and fabricated by Tamil Nadu 
Agricultural University (Sherrif  et al., 1995) which 
revealed that the capacity, peeling efficiency and 
peel retention were found to be 549 kg /h, 59.33% 
and 0.572 respectively. Production of  a commercial 
model of  a single and double gang hand-fed cassava 
peeling machine at the Department of  Agricultural 
Engineering, Federal University of  Technology, 
Akure (Olukunle and Adesina, 2004). The results 
showed that the maximum machine capacity was 
1000 kg/h. Adetan et al. (2003) reported that some 
essential tuber properties such as group average 
diameter, penetration force per unit length and peel 
thickness should be determined in order to design 
an efficient mechanical peeling system. Olukunle 
and Oguntunde (2007) reported that soil factors 
such as soil type, soil moisture, soil fertility, tillage 
practices and the vegetation of  the farm could also 
influence tuber shape and size. Chemical peeling 
using a hot solution of  sodium hydroxide to loosen 
and soften the skin of  root was developed for 
peeling  sweet potatoes in processing industries 
(Adetan et al., 2006). A major reason why this 
method will not be suitable for cassava peeling is 
that higher temperature and more root immersion 
time is required because its peels are tougher than 
that of  potatoes.
In Africa and Asia, it has been discovered that most 
cassava growers are in the category of  small farm 
holders which is between 0.5 to 5.0 ha (Howeler et 
al., 2004). In view of  these, there is need to conceive 
and design an appropriate and affordable peeling 
machine for the cottage industries. An automated 
cassava peeling machine was developed at the 
Department of  Agricultural Engineering, Federal 
University of  Technology, Akure with the aims to 
generate a design-based data for the machine, and to 
establish a relationship between crop and machine 
operational parameters for effective peeling so as 
to enhance food security in Nigeria.                                          
Research Materials and Methods
The cassava variety used for this experiment was 
the International Institute of  Tropical Agriculture’s 
(IITA’s) new high-yielding tropical manioc selection 
(TMS 30572) with pest disease resistant ability 
(Aina et al., 2004) obtained from teaching and 
research farm, Federal University of  Technology, 
Akure. This variety is common to local farmers 
in African countries most especially in Nigeria 
and Ghana (Oguntunde, 2005). In the course of  
the experiment, the clustering criterion was tuber 
length and the tubers were categorized into five 
different classes, namely 100 ≤ L < 140, 140 ≤ L < 
180, 180 ≤ L < 220, 220 ≤ L < 260 and 260 ≤ L < 
300 mm. The tubers were harvested fully matured 
at the age of  18 months and the soil particles were 
washed off  completely before the commencement 
of  the test. 
Design consideration
In order to obtain high efficiency and reliability, 
the machine was designed based on the following 
considerations: 
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(i)  cheap and within the buying capacity of  local 
farmers; 
(ii)  able to peel different varieties, shapes and 
sizes of  cassava; 
(iii)  made from readily available materials; 
(iv)  reduce labour input in traditional method of  
peeling; and 
(v) high capacity compared to manual operations. 
Machine description 
A single action cassava peeling machine consists of  
a roller with 200 mm diameter and 900 mm length. 
The shaft is 25 mm diameter and runs through 
the roller. Cutting blade is 70 mm away from each 
other, inclined at 30° and mounted on the roller. 
Auger provided on the roller gives rotary and 
linear motion on the tuber during impact peeling. 
Other components of  the machine include hoper, 
frame, monitor and chute. It receives motion from 
variable speed 7HP Honda petrol engine and this is 
achieved by throttling the engine. The transmission 
system consists of  belt and pulley arrangement 
while machine speed (SP) 100, 200, 300, 400, 500, 
and 600 rpm were considered for the experiment. 
The rotary motion of  the tuber on the blade 
influences the required peeling during operation 
while the monitors serve as guide on tuber in the 
direction of  motion. 
Performance evaluation of the machine 
Cassava tuber was fed into the hopper one by one 
and the results were evaluated for each pass. The 
machine operational parameters such as throughput 
capacity, peeling efficiency, mechanical damage, 
quality performance efficiency and peel retention 
were determined using the following expressions.  
Throughput capacity Tc kg/h   =         ................. 1 
Where Wt = Weight of  cassava fed into the machine 
(kg) and
           T   = Time taken for the cassava and its peel 
to completely leave the machine (h)                                                                   
P =        
Wt
T
Mpc
Ms
Mpc
Mpr + Mpo
Where    P is the proportion by weight of  peel
            Mpc is the weight of  peel collected and  
            Ms is the weight of  sample
Peeling efficiency and mechanical damage were 
calculated using equation (Agrawal, 1987):                
µ =                       ..................................................... 3
λ =                        .................................................... 4 
Where µ and λ are peeling efficiency and mechanical 
damage respectively;  Mpo is the weight (kg) of  peel 
collected through the peel outlet of  the machine; 
Mf  is the weight of  tuber portion which was 
removed along with the peel by the machine; Mpr is 
the weight of  peel removed by hand after machine 
peeling and Mc is the weight of  completely peeled 
tuber. The functional requirement of  the peeling 
machine was such that it should have high peeling 
efficiency combined with low mechanical damage. 
Therefore, the performance of  the machine was 
further evaluated quantitatively by combining both 
terms above into a single measure, such as the peel 
retention (µ) which was therefore worked out based 
on material balance equation and was given by Mc 
(Cabe et al., 1985) as: 
µ    =       x      ...................... 5
The descriptive statistical analysis was used to 
describe the general characteristics of  the observed 
data before the commencement of  modelling. 
Regression models of  the general form:       
The above expression is used to explain the 
influence of  tuber size and roller speed on machine 
efficiency, mechanical damage and peel retention. 
Y explains variates and represents any of  the 
evaluation parameters (λ, λ and µ), βλ is the model 
constant, βn is the coefficient of  the variables and 
Xn is the explanatory variates (n = 1 – 3).
Mf
Mc + Mf
Mpc
Mpr + Mpo
Mf
Mc + Mf
Y = β +∑n1βXn  ...................................................... 6
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Quality performance efficiency (Ω) was determined 
using the expression:  
Ω =                           .............................………… 7
Result and Discussion  
Auger and monitors introduced into this machine 
seemed to be effective. The auger provides useful 
motion to the tuber within its resident time while 
the monitors serve as guide and provides desired 
effect on the peeling process. Tubers were grouped 
into five sizes and these were analyzed. Operational 
parameters such as throughput capacity, peeling 
efficiency, mechanical damage, quality performance 
efficiency and peel retention on each size were 
determined. Resident time of  cassava tuber was 
between 5 and 8 seconds in one pass depending on 
the roller’s speed. This influenced peeling efficiency 
but not independently of  other parameters. 
The results revealed that as the speed of  the machine 
increased from 100 – 600 rpm, throughput capacity 
increased from 76 – 157 kg/h for size 100 ≤ L < 
140 mm; it increased from 96 – 185 kg/h for size 
140 ≤ L < 180 mm; it increased from 202 – 296 
kg/h for size 180 ≤ L < 220 mm; it also increased 
from 281 – 377 kg/h for size 220 ≤ L < 260 mm; 
and increased from 351 – 442 kg/h for size  260 ≤ 
L < 300 mm as shown in Figure 1. The throughput 
capacity is low compared to 549 kg/h and 1000 
kg/h reported by Sherrif  et al. (1995) and Olukunle 
and Adesina (2004) respectively. This is as a result 
of  low feed rate. Peeling efficiency decreased from 
60 – 50% for size 100 ≤ L < 140 mm; it decreased 
from 62 – 54% for size 140 ≤ L < 180 mm; it also 
decreased from 63 – 60% for size 180 ≤ L < 220 mm; 
it increased from 64 – 74% for size 220 ≤ L < 260 mm; 
and also increased from 68 – 75% for size 260 ≤ L 
< 300 mm as shown in Figure 2. Peeling efficiency 
is high particularly for large sizes of  tuber because 
of  monitors incorporated to the peeling chamber 
as compared to the existing machines. Mechanical 
Mc
Mc + mf
damage increased from 12 – 42% for size 100 
≤ L < 140 mm; it increased from 13 – 42% for 
size 140 ≤ L < 180 mm; it increased from 14 – 
43% for size 180 ≤ L < 220 mm; it also increased 
from 15 – 43% for size 220 ≤ L < 260 mm; and 
increased from 18 – 44% for size 260 ≤ L < 300 
mm as shown in Figure 3. Mechanical damage 
increased as the speed of  the machine increased as 
a result of  increase in number of  impact of  the 
cutting blade on the tubers. Quality performance 
decreased  from 50 – 22% for size 100 ≤ L < 140 
mm; it decreased from 55 – 24% for size 140 ≤ L 
< 180 mm; it decreased from 58 – 26% for size 180 
≤ L < 220 mm; it also decreased from 62 – 33% 
for size 220 ≤ L < 260 mm; and decreased from 
66 – 40% for size 260 ≤ L < 300 mm as shown in 
Figure 4. Quality performance efficiency decreased 
as speed increased and increased slightly with 
increase in tuber sizes. Peel retention increased 
from 7.2 – 21% for size 100 ≤ L < 140 mm; it 
increased from 7.8 – 22.7% for size 140 ≤ L < 180 
mm; it increased from 8.8 – 25.8% for size 180 ≤ 
L < 220 mm; it also increased from 9.6 – 31.8% 
for size 220 ≤ L < 260 mm; and increased from 
12.2 – 33% for size 260 ≤ L < 300 mm as shown 
in Figure 5. Peel retention of  the machine increased 
as the speed increased and also slightly increased 
with increase in sizes. This is better compared to 
the result, 57.2%, reported by Sherrif  et al. (1995).   
Conclusions                                              
(i) The broken tuber flesh as a result of  mechanical 
damage could be considerably adapted as 
cassava chips.
(ii)  Clustering of  the cassava tubers influenced 
the performance of  the machine and posed 
minimal problems with its operation.
(iii)  The adoption of  this machine for small-scale 
cassava processors should go a long way in 
preventing spoilage of  harvested cassava roots 
since they deteriorate in quality soon after 
harvest.   
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Fig. 1: Effect of  speed (rpm) on throughput capacity (kg/h) at various sizes of  cassava tubers
Fig. 2: Effect of  speed (rpm) on peeling efficiency (%) at various sizes of  cassava tubers
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Fig. 3: Effect of  speed (rpm) on mechanical damage (%) at various sizes of  cassava tubers
Fig. 4: Effect of  speed (rpm) on quality performance efficiency (%) at various sizes of  cassava tubers
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Fig. 5: Effect of  speed (rpm) on peel retention (%) at various sizes of  cassava tubers
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